Introduction {#s1}
============

Body odor's chemical complexity [@pone.0038110-Labows1] enables it to convey a plethora of biological and social information. In human and non-human animals alike, signals hidden within the body odor cocktail have been suggested to aid in mate selection [@pone.0038110-Yamazaki1], [@pone.0038110-Wedekind1], [@pone.0038110-Lundstrom1], [@pone.0038110-Penn1], individual recognition [@pone.0038110-Lundstrom2], [@pone.0038110-Olsson1], [@pone.0038110-Bonadonna1], [@pone.0038110-Hepper1], kin detection [@pone.0038110-Yamazaki1], [@pone.0038110-Beauchamp1], [@pone.0038110-Eggert1], [@pone.0038110-Mateo1], [@pone.0038110-Yamazaki2], [@pone.0038110-Lundstrom3], [@pone.0038110-Porter1], and sex-differentiation [@pone.0038110-Baum1], [@pone.0038110-Sergeant1], to name a few [@pone.0038110-Lundstrom4].

There is mounting evidence that body odors also carry age-related information and that animals are able to accurately detect and process that information. It has long been known that the chemical composition of body odors changes in an age-dependent manner in a variety of non-human animals, such as mouse [@pone.0038110-Robinson1], [@pone.0038110-Osada1], [@pone.0038110-Osada2], black-tailed deer [@pone.0038110-MullerSchwarze1], rabbit [@pone.0038110-Goodrich1], otter [@pone.0038110-Kean1], and owl monkey [@pone.0038110-Macdonald1].

However, some of these studies compared very young and adult animals, leaving the unexplored possibility that the demonstrated findings were mediated by a difference in diet; for example, the young animals may still have been nurtured entirely or partly by breast feeding. Indeed, diet is known to affect the chemistry and perception of body odors [@pone.0038110-Havlicek1]. In addition, none of these studies demonstrated an ability to differentiate between body odors of different-aged conspecifics. In contrast, Osada and colleagues [@pone.0038110-Osada1] demonstrated that mice can discriminate between adult and old-age conspecifics based on body odor alone and that this effect was mediated by differences in the quality, rather than the intensity, of the body odors. Together, this evidence suggests that several non-human animal species have the ability to process the age-dependent signals in body odor, and a few studies have even demonstrated that human participants are able to discriminate between animals of different ages based on their body odors alone [@pone.0038110-Goodrich1], [@pone.0038110-Kean1]. Nevertheless, whether humans, like mice, have the ability to infer the age of conspecifics based on body odors alone remains unanswered.

Reported personal observations indicate that human body odors change throughout the life cycle. It is commonly said that old-age individuals have a characteristic body odor, the so-called "nursing home smell" or "old people smell," an observation that seems to be culture-independent. In humans, dermal body odors originate from a complex interaction between skin gland (eccrine, sebaceous, apocrine) secretions and bacterial activity [@pone.0038110-Wysocki1], and skin gland composition and secretion change in an age-dependent manner throughout development. The sebaceous gland is found over much of the skin's surface and secretes a complex mixture of lipids (sebum) and fatty acids [@pone.0038110-Schaal1], both important precursors to human dermal body odor [@pone.0038110-Gower1]. In contrast to the eccrine gland (the so-called 'sweat gland'), the sebaceous gland is less active in young age, reaches peak activity in adulthood, and sharply returns to low activity in the mid-to-late portion of the seventh decade of life [@pone.0038110-Pochi1]. The apocrine glands demonstrate a similar, age-dependent functionality [@pone.0038110-Schaal1]. As a direct reflection of the sebaceous gland's activity, the skin's fatty acid composition and variation demonstrate a large degree of similarity between young and very old individuals [@pone.0038110-NazzaroPorro1]. To date, two chemically-related compounds have been confirmed to vary with age in humans: nonenal [@pone.0038110-Haze1] and nonanal [@pone.0038110-Gallagher1]. Both compounds increase with age, particularly older individuals, who exhibit a sharp increase in concentration. Thus, taken together, the age-dependent glandular changes and resulting secretory changes, as well as changes in individual chemical components of the dermal body odor mixture, suggest that the needed chemical precursors for behavioral discrimination between age groups based on body odors exists in humans.

Based on the clear evidence from the non-human animal literature and the demonstrated age-dependent differences in human body odor chemistry, we assessed whether humans are able to extract and process age-dependent signals in body odors sampled from conspecifics. To this end, we collected body odors from donors representing three distinctly separate age categories: Young (20--30 years); Middle-age (45--55 years); and Old-age (75--95 years) adults. Young research participants then attempted to discriminate between age categories in a side-by-side comparison, to group them according to age, as well as rate their perceptual properties. We tested two specific hypotheses using forced-choice discrimination and a labeled group test: individuals (1) can discriminate between body odors based on age of the donors and (2) can correctly assign an age group label to body odors.

Results {#s2}
=======

Perceptual Ratings {#s2a}
------------------

To limit the possibility that potential age-dependent signals would be obfuscated by unknown, individual-specific signals, we created so-called supra-donor stimuli comprised of body odors from multiple individuals of the same age category (see [Materials and Methods](#s4){ref-type="sec"} for a detailed description). Participants initially rated each body odor stimulus' perceived pleasantness using visual analog scales [@pone.0038110-Aitken1], and intensity using labeled magnitude scale [@pone.0038110-Green1], where high values indicate pleasant and intense, respectively. There was a significant difference in perceived intensity between body odors of the three age groups, *F*(2,76) = 31.32, *p*\<.01, with subsequent posthoc tests demonstrating that all three possible comparisons demonstrated significant differences (see Table1 for mean values). As seen in [Figure 1A](#pone-0038110-g001){ref-type="fig"}, body odors from the Old-age (O) group were rated as significantly less intense than body odors from both the Middle-age (M; *p*\<.01) and the Young (Y; *p*\<.03) groups. Body odors from the M donors were rated as more intense than body odors originating from the Y donors (*p*\<.01). There was no main effect of participant sex on intensity ratings, *F*(1,38) = .47, *p* = .49; however, there was a significant effect of donor sex, *F*(1,38) = 28.64, *p*\<.01 as well as a significant interaction between donor sex and donor age group, *F*(2,76) = 45.64, *p*\<.01. Subsequent Bonferroni posthoc tests demonstrated that M males were rated as most intense and O males least intense (Y vs. M: *p*\<.01; M vs. O: *p*\<.01; Y vs. O: *p*\<.01). There were no significant interactions between donor age group and donor sex, *F*(2,76) = 2.15, *p* = .12, or between donor sex and participant sex, *F*(1,38) = .26, *p* = .61, with respect to the ratings of perceived body odor intensity.

![Mean performance for each task.\
**A**) Mean intensity ratings for each body odor category divided by sex of body odor donor. **B**) Mean pleasantness ratings for each body odor category divided by sex of the body odor donor. Negative values indicate ratings on the unpleasant spectra whereas positive values indicate ratings on the positive spectra. **C**) Mean discrimination performance, measured in percentage correct responses, according to comparison and donor sex. Solid line in graph represents chance performance (50%). **D**) Left hand side indicates total correct pairings of each body odor category and right hand side indicates mean correct age labeling of the body odors. In all graphs, error bars denote standard error of the mean (SEM).](pone.0038110.g001){#pone-0038110-g001}
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###### Mean values for perceptual ratings and discrimination performance. SEM indicates standard error of the means.

![](pone.0038110.t001){#pone-0038110-t001-1}

  Perceptual Ratings                                                
  -------------------------------- --------------- ---------------- -------------
  Y                                    Female         1.75 (.20)     −0.06 (.20)
                                        Male          3.14 (.33)     −1.77 (.34)
  M                                    Female         2.17 (.15)     0.45 (.15)
                                        Male          5.06 (.35)     −2.95 (.35)
  O                                    Female         2.06 (.24)     −0.25 (.24)
                                        Male          1.31 (.15)     0.10 (.15)
  **Discrimination Performance**                                    
  **Group**                         **Donor Sex**   **Mean (SEM)**  
  Y vs. M                              Female        46.11 (3.96)   
                                        Male         51.94 (4.20)   
  M vs. O                              Female        56.39 (3.03)   
                                        Male         45.25 (4.80)   
  Y vs. O                              Female        51.11 (3.76)   
                                        Male         43.92 (4.20)   

Although our method of using supra-donor stimuli, in comparison to the method of using stimuli from individual body odor donors, greatly reduces the possibility that body odor of a single donor would mediate the demonstrated effects, one could postulate that the odors of one or two individuals mediated the effects by a potential outlier effect. To ascertain that our effects were not mediated by potential outliers within our supra-donor stimuli, we performed two additional analyses. First, we plotted intensity ratings for each odor category by the participant testing order and smoothed the intensity ratings with a five-subject wide full width at half maximum Gaussian smoothing kernel. The smoothing kernel corresponded to the number of participants for whom an individual odor quadrant was used and was applied to remove individual differences in intensity ratings since these would obscure potential trends in the data. The rationale behind this analysis is that - because odor quadrants were used more or less in the order they were acquired - if one or more odor donors were mediating the demonstrated differences in intensity ratings, there would be a marked difference in ratings when that donor was included in a supra-donor stimulus. As can be seen in [Figure S1](#pone.0038110.s001){ref-type="supplementary-material"}, there is only one "bump" in the intensity ratings (young males, around testing order positions 29--34). Because supra-donor stimuli were changed after every five subjects, this is the only visually identifiable deviation from the norm. Nevertheless, to investigate this visual effect further, we performed a subsequent outlier analysis of mean intensity ratings using a generalized ESD test for outliers (testing for up to 10 outliers) [@pone.0038110-Rosner1]. This analysis demonstrated that no single supra-donor stimulus could be identified as a statistical outlier (all λs, ns).

The results for the pleasantness ratings were very similar to those from the intensity ratings. There was a significant difference in perceived pleasantness between body odors of the three age categories, *F*(2,76) = 18.16, *p*\<.01. Subsequent posthoc tests demonstrated that body odors from O donors were rated as significantly less unpleasant than body odors originating from both M donors (*p*\<.01) and Y donors (*p*\<.01; see [Figure 1B](#pone-0038110-g001){ref-type="fig"}). Body odors from M donors were, however, not perceived as significantly different in pleasantness from Y donors (*p* = .26). As with the intensity ratings, there was no significant main difference in how participating women and men rated the body odors, *F*(1,38) = 1.08, *p* = .31, but there was a significant effect of donor sex, *F*(1,38) = 78.15, *p*\<.01, and a significant interaction between donor sex and donor age group, *F*(2,76) = 42.90, *p*\<.01. All age groups of male body odor stimuli differed significantly in pleasantness from one another, with M male odor always rated most unpleasant and O male odor most pleasant (Y/M, *p*\<.01; M/O, *p*\<.01; Y/O, *p*\<.01). Among the female body odors, M female odor was rated significantly more pleasant than O female odor (*p* = .01). No other female body odors differed significantly in pleasantness (Y/M, *p* = .08; Y/O, *p* = .75). There were no significant interactions between donor age group and participant sex, *F*(2,76) = .19, *p* = .82, or between donor sex and participant sex, *F*(1,38) = .65, *p* = .42, with respect to the ratings of perceived body odor pleasantness.

Age Discrimination Task {#s2b}
-----------------------

We assessed ability to discriminate between age groups with a two-alternative, forced-choice test repeated nine times for each age category with the task of determining which one of the two stimuli originated from the older donor. Participants were able to discriminate between body odors of different age categories, as demonstrated by the significant overall main effect of donor age group, *F*(1,64) = 4.54, *p*\<.02 (see [Table 1](#pone-0038110-t001){ref-type="table"} for mean values). There was no main effect of donor sex, *F*(1,32) = .73, *p* = .39, or participant sex, *F*(1,32) = .86, *p* = .36, on participants' ability to discriminate between the age categories of body odors. However, there was a significant interaction between the factors of donor age group and donor sex, *F*(1.39,32) = 5.29, *p*\<.02, indicating that -- as with the perceptual ratings -- participants' ability to extract age-dependent information from body odors depends on the sex of the odor donor. There was no significant interaction between donor age and participant sex, *F*(1.71,64) = 1.88, *p* = .16, as well as between donor sex and participant sex, *F*(1,23) = .01, *p* = .91.

Subsequent one-sample Student's *t*-tests against expected chance performance (50%) demonstrated that participants were significantly able to discriminate M female odors from O female odors (*p*\<.04) and Y male odors from O male odors (*p* = .05). However, these significant values did not survive subsequent Bonferroni corrections of the alpha value to adjust for repeated statistical testing. No other comparisons reached significance ([Figure 1C](#pone-0038110-g001){ref-type="fig"}).

Age Labeling Task {#s2c}
-----------------

When asked to label each body odor according to the three age categories, participants were not able to correctly label either the Y body odors (mean correct.63 out of a total 2) or the M body odors (mean correct.65 out of a total 2), according to χ^2^ contingency tests (both *p*\>.10). However, O body odors were correctly labeled (mean correct.74 out of a total 2) significantly more often than expected, according to the χ^2^ contingency tests, χ^2^ (2, 36) = 14.10, *p*\<.01; [Figure 1D](#pone-0038110-g001){ref-type="fig"}). No sex-dependent differences were observed for this task.

Implicit Age Categorization Task {#s2d}
--------------------------------

Neither Y (mean correct 7) nor M (mean correct 6) body odor stimuli were correctly grouped together more frequently than chance (Y: *p* = .92; M: *p* = .96; [Figure 1D](#pone-0038110-g001){ref-type="fig"}). However, O stimuli (mean correct 18) were correctly grouped together significantly more frequently than chance (*p*\<.01).

Discussion {#s3}
==========

This experiment suggests that, akin to other animals, humans are able to discriminate age based on body odor, alone, and that this effect is mediated mainly by body odors emitted by individuals of old age. The mechanism behind this effect is not currently known, even in non-human animals [@pone.0038110-Osada1]. Few studies have explored age-related changes in body odor composition, and those few studies have included only a restricted number of participants of the advanced age studied in the experiment [@pone.0038110-Haze1], [@pone.0038110-Gallagher1]. Nevertheless, these studies suggest that elevated levels of certain chemicals are a potential biomarker for old age.

The results of this study support the cross-culturally popular concept of an "old person odor." Participants were able to discriminate between age groups as well as group the Old-age body odors together significantly more often than expected by chance. Interestingly, the demonstrated ability to discriminate among age groups was mediated entirely by discrimination of the body odors originating from Old-age donors. The age discrimination ability was not, however, a straightforward effect; instead, the interaction between donor age group and donor sex indicated a complicated relationship. It has been demonstrated that many animal species are very good at determining the sex of a conspecific based on body odor alone [@pone.0038110-Pierman1]. Whether humans also have this ability is still under debate. Although several studies have demonstrated that humans indeed have the capacity to accurately determine sex based on body odors sampled from axillary regions [@pone.0038110-Doty1], [@pone.0038110-Hold1], [@pone.0038110-Russell1], palm odors [@pone.0038110-Wallace1], and oral odors [@pone.0038110-Doty2], assignment of sex seems to be dependent on the perceived intensity and pleasantness of those odors, specifically, intense and unpleasant odors tend to be assigned to the male category [@pone.0038110-Doty1], [@pone.0038110-Doty2]. In the present study, there were significant differences in perceptual ratings of body odors originating from male and female donors for all age categories except the Old-age group. These perceptual differences clearly demonstrate that body odors have age-dependent odor characteristics. In addition, participants were able to discriminate between age categories at a higher-than-chance frequency even after variances explained by intensity differences were removed.

The lack of a significant difference in perceived intensity and perceived pleasantness between the body odors of Old-age men and women parallels previous studies. The concentration of lipids present on the skin surface begins to decline to pre-pubescent levels with older age, returning to childhood levels around age 80 [@pone.0038110-NazzaroPorro1], suggesting that older men and women share skin chemistry features important for body odor production that are not uniform between the sexes at younger stages of maturity. Moreover, Gallagher and colleagues [@pone.0038110-Gallagher1] recently demonstrated that there are no clear differences in whole-body odor composition between elderly men and women. Our finding that body odors originating from Old-age men and women were grouped together in the Implicit Age Categorization task supports these data and suggests that any potential perceptual differences were subservient to the potential age-dependent information.

The body odors donated by the older participants were rated as having a neutral valence. In light of the reports in the popular press where the so-called old age odors are commonly described as unpleasant, this outcome was not predicted. What mediates this discrepancy is not known. However, in everyday life, the old age odor is experienced in the context of an old individual being present. Odor valence ratings are highly dependent in which on the context they are experienced. A recent study demonstrated that the label assigned to an odor is a very important predictor of the rated pleasantness in that a label can turn an unlabeled neutral odor into an odor perceived as very negative [@pone.0038110-Djordjevic1]. Thus, it is likely that the body odors originating from the old individuals would have been rated as more negative if participants were aware of their true origin.

The ecological relevance of body odor-dependent age discrimination can only be speculated about at this stage. In the non-human animal literature, the 'good genes' model [@pone.0038110-Brooks1] has been put forth as an explanation for why female animals are attracted to the odors of older males [@pone.0038110-Osada1] or why female insects prefer the sex pheromone from older male insects [@pone.0038110-Nieberding1]. Signals indicating old age, supposedly regulated by the immune system [@pone.0038110-Yamazaki1], are favored due to the likelihood that individuals who reach old age possess a strong and adaptive immune system, as well as other adaptive advantages that have allowed them to grow older than their peers. Indeed, older male insects have a higher reproductive success than their younger competitors [@pone.0038110-Brooks1], [@pone.0038110-Nieberding1]. According to the standard evolutionary model, reproductive success is a highly sought-after trait. If indeed the age-dependent signals are regulated by the immune system, attempts to dishonestly and prematurely display 'old age odor signals' to enhance reproductive success would be associated with a reduction in immune function; this is an elegant means to ensure signal honesty. However, regardless of the biological mechanism regulating these signals, their potential impact in modern human society is likely very limited given the high social value given to visual attributes of age. Although participants were statistically able to discriminate between body odors, as well as able to group them correctly in an age-dependent manner, we want to point out that the nominal effects are modest and participants expressed a low degree of confidence in their abilities.

Studies attempting to assess behavioral relevance of chemical signals in humans using off-site sampling of stimuli, such as the present one, are conceivably affected by numerous factors outside the control of the experimenter. The balance between ecological relevance and stimuli purity is a balance between diametrical aims. Ecological relevance would be maximized when no environmental and behavioral restrictions are enforced upon the body odor donors but relevant signals might be masked by environmental and hygiene odors. Stimulus purity would be maximized if collection took place over weeks in a laboratory environment but donor recruitment and retention would be cumbersome. Although considerable efforts were made to control the collection of body odors within a donor's home (including detailed t-shirt handling instructions, dietary restrictions, personal hygiene regulations, etc.), differences in lifestyle, living environment, and other factors outside our control might still contribute to the demonstrated age discrimination. We believe, however, that the impact of these variables is minor and counteracted by the use of supra-donors, which minimize any non-age-dependent factors not presented in a majority of the donors. Similarly, due to the scarcity of Old-age body odor donors who were not using regulated pharmaceutical compounds, some individuals in the Old-age donor group did use regular medication. Although none of the medications are known to affect body odor composition, and although there was no difference in perceptual ratings of body odors from individuals using medication and those not using medication, it is still conceivable that this age-dependent discrimination, driven by the Old-age odors, is to some extent mediated by the metabolites of pharmaceutical compounds secreted into the body odors sampled from those elderly donors.

Being the very first study to assess the ability of human participants to determine age from body odors, we focused on a very narrow research question and much remains to be explored. Only young experimental participants were included in this study. It is very much conceivable that the effects demonstrated in this study displays a double age-dependent effect, i.e. that age of the rater has an impact on the ability to determine the age of the body odor donor. Moreover, great care was taken to avoid contamination of exogenous odors, thus lowering the ecological validity of the study. Of interest would be to explore what impact natural masking with hygiene product would have on the demonstrated results.

We can at this point only speculate as to what the potential biological mechanisms could be. It is has been speculated that polymorphonuclear leukocytes [@pone.0038110-Olsen1], a type of white blood cells that demonstrate an age-dependent increase in humans, might be a potential biomarker worth exploring in future studies. Previous studies exploring potential biomarkers of age in human and animal body odors have not been conclusive and often fail to take very old age individuals into account. Nevertheless, identifying potential biomarkers is of great interest and would assist in isolating the underlying biological mechanisms mediating and developing these effects.

In conclusion, these data suggest that, akin to other animals, humans are able to discriminate old individuals from younger individuals based on body odor. The modest effects suggest a limited impact on our everyday interactions but does support previous reports of a unique 'old person odor'. Further experimental work is clearly warranted to determine the mechanism and function of body odor-dependent age discrimination.

Materials and Methods {#s4}
=====================

Ethics Statement {#s4a}
----------------

All participants provided written, informed consent prior to participation, and all aspects of the study were approved by the University of Pennsylvania's Institutional Review Board (IRB) prior to starting the study and performed in accord with the Declaration of Helsinki on Biomedical Studies Involving Human Subjects.

Participants {#s4b}
------------

A total of 41 healthy participants \[21 women; mean age 25.0 years (SD 2.7 years); age range 20--30 years\] were included in the final analyses, after the exclusion of four individuals (3 women) characterized as hyposmic based on the clinical norms of the olfactory identification test [@pone.0038110-Hummel1]. No participant donated body odor to the study. The following criteria excluded participation: activly smoking, taking psychopharmacological substances, taking systemic medication (including any hormonal contraceptives), having experienced a head trauma leading to unconsciousness, or self-identifying as anything other than strictly heterosexual. The last restriction was implemented due to previously-demonstrated sexual preference-dependent ratings of body odors [@pone.0038110-Martins1]. All participants provided written, informed consent prior to participation, and all aspects of the study were approved by the University of Pennsylvania's IRB.

All included women but five were tested in the follicular phase of their menstrual cycle (day 8--15). Of these five women, three were tested in their menstrual phase (day 1--7) and two in their luteal phase. Dates were defined by post menses onset based on self-report [@pone.0038110-Lundstrom5].

Body Odor Donors and Odor Collection {#s4c}
------------------------------------

Body odors were sampled from individuals in one of three age groups, 'Young' (Y, 20--30y), 'Middle-age' (M, 45--55y), or 'Old-age' (O, 75--95y). A total of 41 healthy donors, adhering to the same exclusion criteria as the experimental participants, were used. Sixteen individuals (8 women) donated body odor to the Young and Middle-age groups, and 12 individuals (6 women) donated to the 'Old-age' group. Donors in the 'Old-age' group were permitted to use medication for ailments such as hypertension, cholesterol, and acid reflux, because we were unable to locate a sufficient number of Old-age donors who were not using any compounds classified as FDA-regulated drugs. There are, however, no known reports that these medications alter body odor perception or composition. Donors were selected such that the entire age range of each age group was evenly covered. The samples provided by one Young man, one Middle-age man, and one Old-age man were excluded for smelling of soap or for having a body odor undetectable to the experimenter, which brings those individuals\' compliance with the sampling procedures into question. All donors provided written, informed consent prior to participating in the study.

Body odors were collected from donors' armpits using nursing pads (Ultra-Thin Nursing Pads, Gerber Inc., ON, Canada) sewn into the armpits of t-shirts that had been washed with an odorless detergent before use. This technique has been used successfully in prior studies [@pone.0038110-Lundstrom1], [@pone.0038110-Lundstrom3], [@pone.0038110-Lundstrom6]; the t-shirt serves to both hold the pads in place and protect them from outside contamination. Donors washed their bed linens and towels prior to the odor collection period with the same odorless detergent used for the t-shirts and then wore the t-shirt while sleeping alone at home for five consecutive nights. Before going to bed each night, donors washed their hair and bodies using odorless shampoo and soap to remove residues of exogenous odorous compounds. During the day, donors stored the t-shirts in sealed, odorless plastic bags to protect them from outside contamination. Donors were instructed to refrain from drinking alcohol, smoking, and eating spicy foods and other food products known to be excreted into our body odor for the duration of the odor collection period to avoid altering their natural body odor.

The t-shirt was returned to the experimenter after the fifth consecutive night of odor collection. The resulting body odor containing pads were each evaluated by the experimenter and if any trace of a potential exogenous odor was detected, or the pads were perceived to be lacking a discernible body odor, two additional individuals examined the body odor pads. Pads were included in the study only if the body odor was strong enough to be clearly detected and did not contain any perceivable exogenous odors (such as soap, smoke, perfume/cologne, or alcohol). When not in use, all stimuli were stored in a −80°C freezer to prevent decomposition [@pone.0038110-Lenochova1], and stimuli were always handled with disposable, odorless surgical gloves to prevent any possible contamination. Experimental stimuli were subsequently created by cutting each pad into equal size quadrants. These quadrants were used by combining one quadrant from each of four separate same-sex, same-age group individuals into "supra-donor" stimuli [@pone.0038110-Martins1]. Six supra-donor stimuli (Y, M, and O of each sex) were assembled for each testing session. We used these so-called supra-donor stimuli to remove potential effects mediated by individual odor donors.

Procedure {#s4d}
---------

To avoid including individuals with olfactory dysfunction, participants' ability to identify odors was assessed using the Sniffin' Sticks 16-items Odor Identification test. A score of 10 or lower disqualified individuals with potential hyposmia [@pone.0038110-Hummel1]. After the olfactory identification screening test, participants performed three tasks, a perceptual ratings task, a forced-choice discrimination task, and an age labeling task. Within each task, the six supra-donor stimuli were presented in randomized order using 6 oz., wide-mouth glass jars; the same six odor stimuli were used for the three tasks of a testing session. Pad quadrants were arranged along the walls of the jar so that each pad quadrant was equally exposed. After a total of five subjects had been tested using the same set of stimuli, a new set of stimuli was made to prevent significant deterioration of the signal (see [Figure S1](#pone.0038110.s001){ref-type="supplementary-material"}). All testing occurred in a room specially designed for human chemosensory testing, which includes a ventilation system that continuously circulates room air to prevent the accumulation of volatiles. In all tests, a minimum inter-trial interval of 30 seconds was enforced between each trial, and breaks were given between each task to minimize odor habituation.

To assess potential differences in perceived pleasantness and intensity between the odor categories, participants rated perceived pleasantness of each body odor stimulus using visual analog scales [@pone.0038110-Aitken1] with the end anchors "Extremely unpleasant" (−5) and "Extremely pleasant" (5). Similarly, participants rated perceived intensity of each body odor stimulus using a labeled magnitude scale [@pone.0038110-Green1] with the end anchors "No sensation" (0) and "Strongest imaginable" (10). Stimuli were presented one at a time, and the order of age group presentation was randomized, both within each testing session and between participants.

Ability to discriminate between age groups was assessed with a two-alternative, forced-choice test. Participants were presented with two stimuli originating from different age groups and were asked to determine which of the two body odors originated from the older donor. Body odors were presented one at a time, and the order of age group presentation was randomized, both within each testing session and between participants. Both stimuli of a trial were presented for three seconds, and the second stimulus was presented immediately after the first (approximately 3 s in-between) to minimize the time interval for which odor stimuli needed to be remembered. Participants were not permitted to resample any stimuli. Body odor discrimination was assessed within each sex (Y/M, M/O, Y/O), and these six comparisons were repeated nine times each [@pone.0038110-Lundstrom7], [@pone.0038110-Lundstrom8].

The ability to estimate the ages of the body odor donors was also assessed. Participants were presented simultaneously with all six body odor stimuli and were asked to group them according to printed labels placed on the testing room table ("Young", "Middle-age", and "Old-age"). No restrictions on time or sampling frequency were given for this Age Labeling task.

Body odors have a very large inter-individual variance, and odor qualities in general, are difficult to assess objectively; indeed, some would say this is impossible. However, the free-sorting nature of the Age Labeling task allowed it to serve a second function: in addition to measuring participants' ability to consciously label body odors by age, it also allowed us to assess whether the two body odor stimuli belonging to the same age category were grouped together more frequently than expected by chance, independent of whether they were assigned the correct age label or not. If an age group has a characteristic body odor quality, we would expect the two stimuli of that category to be grouped together rather than being assigned separate labels, and we expect that this would be independent of donor sex.

Statistical Analysis {#s4e}
--------------------

The results of the discrimination tests were first converted to percentage correct values to allow the use of inference statistics on the underlying binary scale. To assess whether discrimination performance within each odor category differed from chance (50%), we used individual one-sample Student's *t*-tests of percentage correct discrimination values. Differences in perceptual ratings were analyzed using mixed, repeated-measurements ANOVAs, separately for intensity and pleasantness, using a 2 (participant sex) ×3 (donor age group) ×2 (donor sex) design. Participant sex was entered as a between-subject factor, and donor age group and donor sex were used as within-subject factors. Subsequent Bonferroni posthoc tests were performed to statistically assess differences beyond main effects to control for multiple statistical comparisons. Discrimination performance was converted to a percentage correct discriminations value to correct for dichotomization. To assess statistical differences between stimuli, we used repeated-measurements ANCOVA, organized structurally as described above for perceptual ratings, but with two main differences: First, because our initial analyses of the perceptual ratings demonstrated that the largest perceptual difference between body odor groups was perceived intensity and not perceived pleasantness, intensity ratings for all age and sex groups were entered into the model as covariates (a total of six) to remove variance that could be explained by the intensity ratings. Please note that we refrained from adding the 6 pleasantness ratings as covariance factors because the unduly conservative nature of such analyses (a total reduction of our statistical power with 30% \[−12 df\]) would create a large risk of producing false negative results and conclusions. Second, because participants' performance scores demonstrated near-significance on Mauchly's Test of Sphericity (*p* = .058), all statistical values were submitted to Greenhouse-Geiser correction to avoid false positive results due to a skewed distribution. Age Labeling and Implicit Age Categorization task data (the latter described in detail below) were analyzed using chi-square (χ^2^) contingency tests against a random sampling distribution created using Monte Carlo simulations (n = 1000) within the statistical program R.
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**Intensity ratings by all individuals of all body odor stimuli.** Smoothed Individual intensity ratings plotted over subject testing order. Y in legend indicates young, first M  =  middle-age, O  =  old, F  =  women, and second M  =  male; meaning that YF denotes ratings of a supra-donor stimuli originating from young women. Intensity ratings were performed on labeled magnitude scales with the end anchors "No sensation" (0) and "Strongest imaginable" (10).
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Click here for additional data file.
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